The association of physical function with progression to dementia has not been well investigated. We aimed to determine whether physical function is associated with incident dementia and Alzheimer disease (AD).
A
LZHEIMER DISEASE (AD) and other dementias constitute a formidable public health issue in our increasingly aging society.
Whether and to what extent physical function may relate to progression to dementia in older persons is of interest. Crosssectional studies 1 have demonstrated that physical performance is associated with cognitive performance. Longitudinal studies [2] [3] [4] have found that initial cognitive performance is associated with functional decline. Function and cognition influence each other. One study 5 has shown that initial functional status is associated with cognitive decline and initial cognitive status with functional decline. Although both functional decline and cognitive decline are highly age related, neither is an ineluctable process associated with normal aging; both types of decline are usually associated with age-related diseases. Studies 6, 7 have shown that motor function decline is associated with white matter changes of the brain. White matter lesions are associated with hippocampal atrophy, a typical feature of AD. 8, 9 Two small cohort studies, 10, 11 conducted on exceptionally healthy individuals with no history of major medical illness, reported that reduced gait speed could be observed before the development of cognitive impairment. Such studies suggest that motor function decline might be associated with pathologic changes related to the progression to dementia. We hypothesized that poor physical function may represent a sign of developing dementia as early as a subclinical stage, given that AD and other common neurodegenerative diseases are preceded by a "silent" clinical period that can be longer than a decade. Identifying signs associated with progression to dementia would assist in predicting the development of dementia and has important implications for interventions to slow the progression to these devastating illnesses.
The purpose of this study is 2-fold: (1) to investigate whether poor physical function precedes the onset of dementia and AD by examining the temporal relationship of physical function with incident dementia and AD and (2) to explore whether poor performance in specific physical functions may be associated with progression to dementia at a certain stage during disease development by examining the relationship of physical function with incident dementia in persons without cognitive impairment (an earlier stage) and in persons who might have mild cognitive impairment (a later stage).
METHODS

STUDY SAMPLE
Participants were enrolled in the Adult Changes in Thought (ACT) study, a population-based longitudinal study of aging and dementia. The ACT study was designed to determine the incidence of AD, other types of dementia, and cognitive impairment and to determine risk factors for these conditions. A random sample of 6782 individuals was initially drawn from Seattle-area members of Group Health Cooperative, a consumergoverned health maintenance organization. Participants were 65 years or older at enrollment from 1994 to 1996. Persons who were ineligible (n=1360) were those who had an existing diagnosis of dementia, were current residents of a nursing home, or were participating in other studies. Of 5422 eligible individuals, 2581 remained and 2841 declined participation. Refusal was more common among the oldest group (Ͼ85 years), women, and African American or minority groups. 12 Dementia and AD incidence rates from the ACT study have previously been published and are consistent with rates reported in US and European cohort studies. 12 Participants received the Cognitive Ability Screening Instrument (CASI) 13 as initial screening for cognitive function and were interviewed with structured questionnaires for baseline data, including demographics, medical history, memory and general functioning, and potential epidemiologic risk factors. Persons who scored 86 or higher on the CASI were entered directly into the ACT cohort. (A CASI score of 86 corresponds to a Mini-Mental State Examination score of 25 to 26.) We conducted a standardized clinical and neuropsychological evaluation for dementia in persons with a CASI score lower than 86. Those who did not meet established criteria for dementia 14 were included in the ACT cohort. In this study, we excluded persons with invalid measurements on either the cognitive performance test or physical performance tests at baseline (n=55) and persons without a follow-up examination (n=238), leaving 2288 persons for analysis.
INCIDENT DEMENTIA
Follow-up examinations were conducted biennially to identify incident dementia and AD. Participants were rescreened with the CASI. Those who scored 86 or higher on the CASI remained in the ACT cohort as dementia free. Those who scored lower than 86 on the CASI underwent a standardized clinical examination. The results of rescreening by the CASI and the clinical examinations were reviewed at a consensus diagnosis conference. Those who met Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria 14 for dementia were considered incident dementia cases. Dementia type was determined by the National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association criteria 15 for AD and DSM-IV criteria 14 for other types of dementias.
PHYSICAL PERFORMANCE TESTS
Physical function was assessed by 4 physical performance tests: 10-ft timed walk, chair-stand time (time to stand from a seated position in a chair to a standing position, repeated 5 times), standing balance, and grip strength (in kilograms) in the dominant hand. 3 Each test was scored from 0 to 4 points. Sexspecific quartiles from the study population were used as cutoff points for scoring 10-ft timed walk, chair-stand time, and grip strength. Standing balance was scored by ability to maintain each position: side by side for 10 seconds, semitandem for 10 seconds, full tandem for 1 to 9 seconds, and full tandem for 10 seconds. A performance-based physical function (PPF) score was the total score from the 4 physical tests and ranged from 0 to 16, with higher scores indicating better physical performance. The PPF test had adequate scale reliability with a Cronbach ␣ coefficient of .74.
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COGNITIVE PERFORMANCE TEST
The CASI provides quantitative assessment of attention, concentration, orientation, short-term memory, long-term memory, language ability, visual construction, list-generating fluency, abstraction, and judgment. 13 The CASI has a potential range of 0 to 100, with higher scores indicating better cognitive performance. The CASI scores of 90 or lower might indicate possible mild cognitive impairment.
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OTHER BASELINE VARIABLES
Other baseline variables include age, sex, years of education, family history of AD, APOE ε4 genotype, depression, physical exercise, and reports of coronary heart disease (CHD) and cerebrovascular disease (CVD). Family history of AD was defined as reporting a first-degree relative with AD. Depression was measured by the 11-item Center for Epidemiologic Studies Depression Scale. 17 Physical exercise was assessed by asking participants the number of days per week they did each of the following activities for at least 15 minutes at a time during the past year: walking, hiking, bicycling, aerobics or calisthenics, swimming, water aerobics, weight training, or stretching and other exercise. Participants who exercised at least 3 times per week were classified as exercising regularly in this study. Coronary heart disease included congestive heart failure, myocardial infarction, angina pectoris, and coronary artery bypass surgery. Cerebrovascular disease included stroke, cerebral hemorrhage, and small strokes or transient ischemic attacks.
STATISTICAL ANALYSIS
The relationship between cognitive performance and physical performance at baseline was examined by linear regression models. The CASI score was the dependent variable. The PPF score and each physical test score, as independent variables, were individually fitted into a model adjusting for other baseline variables.
The temporal relationship of physical performance with incident dementia was evaluated by Cox proportional hazards regression models. 18 We used age during the study as the time scale, with left truncation at age of entering the study, and kept age at baseline as a covariate in the Cox models. Therefore, analyses were completely adjusted for age. The event time for dementia was the halfway point between the diagnosis date and the previous examination date. Persons who dropped out of the study before developing dementia were censored at the last examination date. Persons who remained dementia free during follow-up were censored at the most recent follow-up date. We examined results of the PPF test and each physical test individually. The Schoenfeld residual test 19 was used to check the proportional hazards assumption.
To explore whether the association of physical function with incident dementia changes at varying stages of progression, we performed analyses separately in persons without apparent cog-nitive impairment (baseline CASI score Ͼ90) and persons with possible mild cognitive impairment (baseline CASI score Յ90). We tested the interaction terms of each physical test and the PPF test with the initial cognitive status (baseline CASI score Յ90 or Ͼ90).
To examine whether baseline physical performance is associated with the rate of change in cognitive function, linear regressions with the generalized estimating equation were conducted on the repeated measurements of CASI scores. We examined interaction terms of years of follow-up by baseline physical performance, adjusting for other baseline variables.
Sensitivity analyses were conducted to evaluate whether a potential bias could be introduced by the censoring mechanism for persons who died or withdrew. Persons with a low CASI score at the time they left the study might be more likely to develop dementia, and random censoring for those persons might not be appropriate. We examined the last CASI score for those who died or withdrew from the study. If a person had a last CASI score lower than 86 before he or she left the study, we assumed that the person would develop dementia 1 year after the last examination, so we repeated analyses to determine whether the association of physical function with incident dementia was changed. Statistical analyses were conducted using Stata statistical software, version 7 (Stata Corp, College Station, Tex).
RESULTS
Duringthe5
.9yearsoffollow-up,1422participantsremained dementia free, 319 developed dementia (221 had AD, 55 had vascular dementia, and 43 had other types of dementia), 362 died, and 185 withdrew from the study. Table 1 lists the baseline characteristics of study participants who remained dementia free, developed dementia, died, or withdrew from the study. Figure 1 displays distributions of baseline PPF scores by those who remained dementia free and those who developed dementia. The PPF score distributions significantly differ in the 2 groups (Wilcoxon rank sum test; PϽ.001).Themean(SD)andthemedianbaselinePPFscores were 12.5 (2.7) and 13 for the dementia-free group and 10.8 (3.3) and 12 for the dementia group.
At baseline, physical performance was associated with cognitive performance. All of the physical test scores were associated with the CASI score, except the chair-stand test score, after adjusting for age, sex, years of educa- tion, exercise, depression, APOE ε4 allele, family history of AD, CHD, and CVD. The age-specific incidence rate of dementia was 53.1 per 1000 person-years for participants with a baseline PPF score of 10 or lower (below the 25th percentile) compared with 17.4 per 1000 person-years for those with a baseline PPF score higher than 10. In Figure 2 , KaplanMeier survival estimates show that participants at lower levels of physical performance at baseline were less likely to remain dementia free than those at higher levels. Table 2 lists estimated hazard ratios of dementia and AD by physical performance. Better performance on the PPF, timed-walk, and grip tests was associated with a lower risk of dementia and a lower risk of AD.
At baseline, participants with a CASI score higher than 90 had better performance on the PPF test and the 4 specific physical tests compared with those with a CASI score of 90 or lower. The age-specific incidence rates of dementia were 14.6 per 1000 person-years for participants with a baseline CASI score higher than 90 and 58.3 per 1000 person-years for those with a baseline CASI score of 90 or lower. Table 3 lists the estimated hazard ratios of dementia by physical tests stratified by baseline CASI scores. Better performance on the balance test was associated with a lower risk of dementia in those with CASI scores higher than 90. Better performance on the grip test was associated with a lower risk of dementia in those with CASI scores of 90 or lower. Better performance on the PPF and timedwalk tests was associated with a lower risk of dementia in both groups. The interaction between the balance test and the initial cognitive function (CASI score Ͼ90 or CASI score Յ90) approached statistical significance (P=.04).
Baseline physical performance was associated with the rate of decline in CASI scores. A 1-point decrease in score on the timed-walk test, balance test, grip test, chairstand test, and PPF test was associated with an increase in the rate of decline in CASI score by 0.30 (95% confidence interval [CI], 0.21-0.38; PϽ.001) point per year, 0.24 (95% CI, 0.14-0.34; PϽ.001) point per year, 0.19 (95% CI, 0.12-0.26; PϽ.001) point per year, 0.14 (95% CI, 0.08-0.20; PϽ.001) point per year, and 0.11 (95% CI, 0.08-0.14; PϽ.001) point per year, respectively, after adjusting for age, sex, years of education, APOE ε4 allele, CHD, CVD, baseline Center for Epidemiologic Studies Depression Scale score, and baseline CASI score.
Of 547 participants who died or withdrew from the study, 99 (18%) had a last CASI score lower than 86 and were assumed as incident dementia cases 1 year after they left the study. In repeated analyses, the adjusted hazard ratios of dementia by 1 point higher on each test score were 0.74 (95% CI, 0.67-0.82; PϽ.001) for the timedwalk test, 0.84 (95% CI, 0.76-0.92; PϽ.001) for the balance test, 0.86 (95% CI, 0.77-0.96; P =.008) for the grip test, 0.93 (95% CI, 0.86-1.01; P = .11) for the chairstand test, and 0.91 (95% CI, 0.88-0.95; PϽ.001) for the PPF test. The results remained robust.
COMMENT
In this cohort of 2288 participants older than 65 years and dementia free initially, persons with poor physical function were at an increased risk for developing dementia and AD and had an increased rate of cognitive decline during the 6 years of follow-up. Poor standing balance was associated with an increased risk of dementia among persons without apparent cognitive impairment. Poor handgrip was associated with an increased risk of dementia among persons with possible mild cognitive impairment. The associations of overall physical performance and gait speed with future dementia were observed in persons with and without mild cognitive impairment.
Gait disorders are a well-known feature of non-AD dementia, such as vascular and parkinsonian dementias. A previous study 20 reported that gait abnormality may precede and predict non-AD dementia. Although motor slowing and gait disorders were also observed in patients with AD, [21] [22] [23] whether and to what extent gait slowing may precede AD is unknown. A recent report from the Sydney Older Persons Study 24 shows that participants with cognitive impairment and gait slowing were most likely to progress to dementia during a 6-year period. In this study we found that gait slowing was associated with an increased risk of both dementia and AD during the 6-year follow-up in persons with and without mild cognitive impairment. The results from the Sydney Older Persons Study were obtained from 394 participants older than 75 years without dementia at baseline. Our results were obtained from a larger dementia-free population (n=2288) older than 65 years.
Changes in specific physical functions could occur at different stages during the course of dementia. We observed that among participants without apparent cognitive impairment, those with gait slowing and poor balance were more likely to develop dementia, and among participants with possible mild cognitive impairment, those with poor handgrip were more likely to develop dementia. These findings suggest that gait slowing and poor balance might relate to dementia and may occur during an earlier stage before cognitive impairment is apparent, and that poor handgrip might relate to dementia during a later stage when cognitive impairment has occurred. The Hispanic Established Population for the Epi- demiological Study of the Elderly 25 reports that older Mexican Americans with poor cognition had a steeper decline in handgrip strength than those with good cognition during 7 years of follow-up. Our study found that poor handgrip was associated with a steeper decline in cognition and a higher risk of dementia among persons with mild cognitive impairment during 6 years of follow-up. The 2 studies suggest that the declines in cognition and handgrip strength might occur together during the course of dementia. Gait and balance require integration of motor, sensory, and cerebellar activities, whereas grip requires a simpler motor activity. The more "brainchallenging" tasks of gait and balance could be affected earlier in the course of dementia, whereas a simpler motor task such as grip would likely be preserved until later in the disease course. Our findings, if confirmed, would suggest that gait slowing and poor balance might be earlier markers and poor handgrip a later marker during the preclinical course of dementia. However, further studies are warranted to understand the underlying basis for the associations reported in this article.
Physical function and cognitive function are likely connected, especially in aging. Cognitive ability is essential for conducting physical tasks; performing physical tasks, in return, may enhance or maintain cognitive ability. Recent studies [26] [27] [28] have shown that physical exercise is associated with a lower rate of cognitive decline and a reduced risk of dementia. The cognitive benefits from physical exercise may result from the connection between physical function and cognitive function, especially at advanced old age, when cognitive decline is more likely.
This study has several limitations. The ACT cohort is likely healthier than a general population because of healthy volunteer effect. Persons with existing dementia were excluded at the beginning of the study, and the ACT participants were dementia-free survivors. Although we have adjusted for many possible confounding factors (age, sex, years of education, depression, APOE ε4 allele, family history of AD, baseline cognitive function, CHD, and CVD), other confounding factors could exist. We did not make a formal diagnosis of mild cognitive impairment and used only a CASI score greater than 90 to differentiate persons who were more likely to be cognitively intact from persons who might have mild cognitive impairment. Even though this study demonstrated a temporal relationship between physical func- *Multiple factors, in addition to age and sex, include years of education, APOE ε4 allele, family history of Alzheimer disease, baseline CASI score, Center for Epidemiologic Studies Depression Scale score, coronary heart disease, and cardiovascular disease.
†PϽ.001. ‡PϽ.05. §PϽ.01.
